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1 Introduction
In RAN1#114 meeting, the following agreements were made for the physical layer measurements for NR carrier phase positioning [1]:
	Agreement
Confirm the following working assumption with modification made in RAN1#113:
Working assumption
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of system frame number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

Agreement
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, 12, 16} slots
· FFS: additional values
· the number of the time windows can be configured as:
· {1, 2, …, 16}

Agreement
When a LMF requests the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s):
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2, …, 16}

Agreement
When an LMF requests the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s)
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2}
· FFS: {4, 8}

Agreement
Each DL RSCP/RSCPD measurement instance is obtained with  sample only.

Conclusion
From RAN1’s perspective, the granularity and the range of the RSCP/RSCPD measurements can be defined by RAN4.

Agreement
Endorse the following RAN1 reply on PRU procedures
RAN1 reply:
	Current RAN1 specifications do not support a mechanism to ensure simultaneous measurements/transmissions (e.g. in the same slot(s)) for multiple UEs, including a target UE and a PRU.
RAN1 will continue discussions on what enhancements to LPP, NRPPa, and/or RAN signaling are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, including a target UE and a PRU; and to support simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 
Note: The enhancements might or might not have RAN1 specification impact.



In above reply, RAN1 indicated that RAN1 would continue the discussions on the enhancements that are necessary to support simultaneous measurements of the same DL-PRS for multiple UEs, and the simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 

In this LS, RAN1 informs SA2 that RAN1 has continued the discussion, and reached the following agreements related to the support of simultaneous measurements of the same DL-PRS for multiple UEs and the simultaneous transmission of SRS for multiple UEs, including a target UE and a PRU. 

Furthermore, it is RAN1’s understanding that the simultaneous measurements/transmissions for multiple UEs, including a target UE and a PRU, is applicable to RAN1’s on-going work related to NR carrier phase positioning, and is also applicable to the remaining uplink and downlink positioning measurements and methods. Therefore, RAN1’s agreements related to the NR carrier phase positioning are provided in Section 4 in this LS for information.

To SA2:
Action: RAN1 respectfully asks SA2 to take the above reply into account for future work. 
To RAN2/RAN3:
Action: RAN1 respectfully asks RAN2/RAN3 to work on the necessary higher-layer signalling support, and provide feedback if there is any concern.

R1-2308643	[Draft] Reply LS on PRU Procedures	CATT
Decision: The draft LS is endorsed. Final LS is approved in R1-2308644.

Agreement
For the timestamp associated with a reported RSCP/RSCPD measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 37.355, can be reused as the timestamp. 
· Subject to UE capability, a UE may optionally provide an OFDM symbol index in the timestamp.
· Note: It is up to RAN2/RAN3 how to signal the timestamp

Agreement
When DL RSCPD/RSCP measurements are reported together with the DL RSTD/ UE Rx – Tx time difference measurements, the DL RSCPD/RSCP measurements are obtained from a single DL PFL only. 
Note: From RAN1’s perspective, the reporting of the carrier phase measurements from one DL PFL has no impact on the reporting of the DL RSTD and/or UE Rx – Tx time difference measurements from the same DL PFL or other DL PFLs.

Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.

Agreement
Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
· phase quality index
· phase quality resolution
The values of the phase quality index and phase quality resolution are left for RAN4.




In this contribution, we discuss the maintenance issues of the measurements definition, reporting and physical procedure for supporting NR downlink (DL) and uplink (UL) carrier phase positioning.
2 Carrier Phase Positioning
TP1: Quality indication associated with DL RSCP/RSCPD measurement
In RAN1#114, the following agreement was made for quality indication associated with DL RSCP/RSCPD measurement [1].
	Agreement
Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
· phase quality index
· phase quality resolution
The values of the phase quality index and phase quality resolution are left for RAN4.


However, the above agreement in RAN1#114 for quality indication associated with DL RSCP/RSCPD measurement is not been included in TS 38.214 [2]. Thus, we propose to capture the agreement in RAN1#114 for quality indication associated with DL RSCP/RSCPD measurement to TS 38.214.
Proposal 1: Adopt the following TP regarding the reporting of the phase quality indication for the RSCP/RSCPD measurements in Clause 5.1.6.5 of TS 38.214 [2].
	Reason for change:
	The specification does not capture the following agreement made in RAN1#114 regarding to the report of the quality indication associated with DL RSCP/RSCPD measurement.
Agreement
Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
· phase quality index
· phase quality resolution


	Summary of change:
	Add the report of the quality indication associated with DL RSCP/RSCPD measurement according to the agreement made in RAN1#114.

	Consequences if not approved:
	Specification is not align with RAN1’s agreement and incomplete incomplete



[bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292][bookmark: _Toc36645522][bookmark: _Toc45810567][bookmark: _Toc146641025]5.1.6.5	PRS reception procedure
----------------------------------------- Start of text proposal to TS 38.214 v18.0.0-------------------------------------------

…
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU. 
The UE may be configured to report quality metrics [higher layer parameter] corresponding to the DL RSCP and RSCPD measurements which include the following fields [17, TS 37.355]:
-	[phase quality index] which provides the best estimate of the uncertainty of the measurement
-	[phase quality resolution] which specifies the resolution levels used in the [phase quality index] field.
…
----------------------------------------- End of Text proposal to TS 38.214 v18.0.0------------------------------------------

TP2: Timestamp for UE-based carrier phase positioning
In RAN1#114, the following agreement was made for timestamp for UE-based carrier phase positioning [1].
	Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.




However, the above agreement in RAN1#114 for timestamp for UE-based carrier phase positioning is not been included in TS 38.214 [2]. Thus, we propose to add the agreement in RAN1#114 for timestamp for UE-based carrier phase positioning to TS 38.214.

Proposal 2: Adopt the following TP regarding the timestamp of the phase quality measurements in Clause 5.1.6.5 of TS 38.214 [2].

	Reason for change:
	The specification does not capture the following agreement made in RAN1#114 regarding to the timestamp associated with the PRU carrier phase measurements.
Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.

	Summary of change:
	capture the following agreement made in RAN1#114 regarding to the timestamp associated with the PRU carrier phase measurements.

	Consequences if not approved:
	Specification is not align with RAN1’s agreement and incomplete incomplete



5.1.6.5	PRS reception procedure
----------------------------------------- Start of text proposal to TS 38.214 v18.0.0-------------------------------------------
…
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU and timestamp associated with the PRU carrier phase measurements. 
…
----------------------------------------- End of Text proposal to TS 38.214 v18.0.0------------------------------------------

Timestamp of UL RSCP measurement
In RAN1#114, the following agreement was made for time timestamp for DL RSCP/RSCPD measurement [1].
	Agreement
For the timestamp associated with a reported RSCP/RSCPD measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 37.355, can be reused as the timestamp. 
· Subject to UE capability, a UE may optionally provide an OFDM symbol index in the timestamp.
· Note: It is up to RAN2/RAN3 how to signal the timestamp


Similar to the time timestamp for DL RSCP/RSCPD measurement, the existing time timestamp for UL RTOA defined in TS 38.455 can also be reused for UL RSCP. In addition, a TRP may optionally provide an OFDM symbol index in the timestamp.
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This information element contains the time stamp.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	System Frame Number
	M
	
	INTEGER(0..1023)
	

	CHOICE Slot Index
	M
	
	
	

	>SCS-15
	M
	
	INTEGER(0..9)
	

	>SCS-30
	M
	
	INTEGER(0..19)
	

	>SCS-60
	M
	
	INTEGER(0..39)
	

	>SCS-120
	M
	
	INTEGER(0..79)
	

	 Measurement time
	O
	
	Relative Time 1900
9.2.36
	



Proposal 3: For the timestamp associated with a reported UL RTOA measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 38.455, can be reused as the timestamp for UL RSCP. 
· TRP may optionally provide an OFDM symbol index in the timestamp.
· Note: It is up to RAN2/RAN3 how to signal the timestamp.
Time window for simultaneous PRS measurement and SRS transmission
In RAN1#114, the following agreement was made for time window for simultaneous SRS transmission [1].
	Agreement
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, 12, 16} slots
· FFS: additional values
· the number of the time windows can be configured as:
· {1, 2, …, 16}




According to the above agreement in RAN1#114, LMF may request the serving gNB to configure the duration of the time window for simultaneous SRS transmission with a value of {1, 2, 4, 8, 12} OFDM symbols or {1, 2, 4, 6, 8, 12, 16} slots. The maximum SRS resource sets for a UE is 16. For “FFS: additional values”, in our view, there is no need to have the window duration longer than 16 slots, therefore, no additional value should be added.
Proposal 4: No additional value should be added for duration of the time window for simultaneous SRS transmission requested by the LMF.
In RAN1#114, the following agreement was made for the time window for simultaneous PRS measurement [1].
	Agreement
When an LMF requests the UEs, including target UE and PRU(s), to perform measurements on indicated DL PRS resource set(s) occurring within indicated time window(s)
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2}
· FFS: {4, 8}




In above agreement, the number of time window(s) for simultaneous PRS measurement can be {1, 2}. The reason lies in that there can be one or two DL PRS resource sets for a PFL, and in Rel-18 only single PFL is supported for carrier phase measurements. However, the maximum number of windows needs to also consider multiple DL PFLs for legacy Rel-16 positioning measurements, not limited to carrier phase measurement. In Rel-16, the number of PFL configured for a UE (NumPositioningFrequencyLayers) is {1,2,3,4}. Therefore, the numbers {3,4,6,8} should also be added to the number of time windows.
Proposal 5: Subject to UE’s capability, a UE may be configured with {3,4,6,8} time windows for simultaneous PRS measurements and legacy positioning measurements.

Finer granularity for timing measurements
The accuracy of TOA measurements helps improve the problem of integer ambiguity estimation when positioning based on carrier phase. Specifically, for carrier phase positioning algorithms based on EKF, higher precision TOA measurements will reduce the number of epochs required for integer ambiguity convergence. For algorithms based on AFM (ambiguity function method), which can be single epoch/sample or multi-epoch, higher precision TOA measurements will reduce the search space for user location, thereby greatly reducing computational complexity. Support finer granularity(ies) for Rel-16 timing measurements and corresponding quality indicator when they are reported together with RSCP/RSCPD measurements. For example, we may reuse the new negative k-value introduced by BW aggregation positioning. 
The reporting mappings for the DL RSTD and UE Rx-Tx time difference measurement (TUE Rx-Tx) are defined in TS 38.133 with the resolution step of 2kTc, defined in TS 38.21, where Tc =1/(480kHz*4096)=0.509 ns, which is about 15cm when converted to the distance. k={0, 1, 2, 3, 4, 5} is the timingReportingGranularityFactor configured by LMF for the RSTD and UE Rx-Tx time difference measurement. Considering that the wavelength of a 3GHz carrier is only 10cm, it implies that it is impossible to use the reported DL RSTD and UE Rx-Tx time difference measurement to determine the integer ambiguity accurately due to the limitation of the resolution.
In Rel-18, it was agreed to support finer resolution for DL RSTD and UE Rx-Tx time difference measurements with the values of k={-1,-2} for PRS bandwidth aggregation, in our view, the finer resolution should be supported when legacy measurements are reported together with the CP measurements.
	Agreement (RAN1#113)
For PRS bandwidth aggregation, with regards to the signaling in the location information request message, introduce the following:
· A request to indicate UE which two or three PFLs to be used for performing joint measurement 
· A new ReportingGranularityfactor smaller than 0 which can be applicable at least when the LMF requests aggregated measurements
· Support at least the values of k={-1,-2}
· FFS other values e.g. -3, -4, -5, -6
· Send RAN4 an LS to confirm the feasibility


Proposal 6: Support finer granularity(ies) for Rel-16 timing measurements and corresponding quality indicator (ReportingGranularityfactor k = {-1, -2}) when they are reported together with RSCP/RSCPD measurements.
Resource ID and Resource Set ID for CPP measurement
DL PRS resources for DL RSCP/RSCPD could be different from resources for legacy measurements such as RSTD. The resource requirement for carrier phase measurements and legacy measurements are not absolutely same. For example, the accuracy of DL RSCP/RSCPD is not absolutely limited by bandwidth, which is suitable to use rather narrow bandwidth but crucial for RSTD. In addition, every PFL corresponds to one resource set for legacy measurements, but only single PFL is supported for carrier phase measurements. Thus, resource set for legacy measurements cannot be reused for carrier phase measurements. As a result, when a UE reports a DL RSCP/RSCPD, Rel-18 should support the UE to report the DL PRS resource ID(s) and the DL PRS resource set ID(s), which were used to determine the DL RSCP/RSCPD. When a TRP reports a UL RSCP, Rel-18 should support the TRP to report the UL SRS resource ID(s) and the UL SRS resource set ID(s), which were used to determine the UL RSCP. And then RSCPD/RSCP and RSTD/Rx-Tx time difference can be measured from different PRS resources when they are reported together. Forcing the same resources to be used only adds unnecessary restrictions.
Proposal 7: When a UE reports a DL RSCP/RSCPD, support the UE to report the DL PRS resource ID(s) and the DL PRS resource set ID(s), which were used to determine the DL RSCP/RSCPD.
Proposal 8: When a TRP reports a UL RSCP, support the TRP to report the UL SRS resource ID(s) and the UL SRS resource set ID(s), which were used to determine the UL RSCP.
Proposal 9: RSCPD/RSCP and RSTD/Rx-Tx time difference can be measured from different PRS resources when they are reported together.
[bookmark: P20]Reporting of CPP measurement associated with frequency information
Considering that the RSCP/RSCPD measurements may be transferred between UE, gNB and LMF, having a clear indication of the carrier frequency is important for avoiding potential issues during the implementation and inter-operability test. In our view, it is necessary to report the frequency information together with the associated carrier phase measurement. Double differential operation is essential for carrier phase positioning. But if UE\TRP obtains carrier phase measurements at different frequencies, double differential operation cannot be realized. According the RAN1’s current agreements, the RF frequency of the DL RSCP/RSCPD measurements corresponds to the center frequency of the DL PFL, and the RF frequency of the UL RSCP measurements are the center frequency corresponding to the SRS transmission bandwidth. Therefore, LMF should inform TRPs same frequency for the carrier phase measurements, which allows the TRPs to properly configure DL PFL to ensure the same frequency for DL carrier phase measurements from all UEs (including PRU), and also to properly configure UL SRS resources for all UEs (including PRU) to ensure the same frequency for the UL carrier phase measurements from all TRPs. From the reporting of the RSCP/RSCPD measurements point of view, it is better that the frequency information can be provided directly with the carrier phase measurement reports.
Proposal 10: LMF should provide the same RF frequency information for the carrier phase measurements to all TRPs, which can be used by the TRPs to properly configure the DL PRS resources and/or the UL SRS resources for UEs (including PRU).
Proposal 11: Frequency information can be reported together with the associated carrier phase measurements.
3 Conclusions
In this contribution, we further discuss the maintenance issues of the measurements definition, reporting and physical procedure for NR DL and UL carrier phase positioning, and give the following proposals.
Proposal 1: Adopt the following TP regarding the reporting of the phase quality indication for the RSCP/RSCPD measurements in Clause 5.1.6.5 of TS 38.214 [2].
	Reason for change:
	The specification does not capture the following agreement made in RAN1#114 regarding to the report of the quality indication associated with DL RSCP/RSCPD measurement.
Agreement
Support UE/TRP to report the phase quality indication for the RSCP/RSCPD measurements. The phase quality indication includes the following fields:
· phase quality index
· phase quality resolution


	Summary of change:
	Add the report of the quality indication associated with DL RSCP/RSCPD measurement according to the agreement made in RAN1#114.

	Consequences if not approved:
	Specification is not align with RAN1’s agreement and incomplete incomplete



5.1.6.5	PRS reception procedure
----------------------------------------- Start of text proposal to TS 38.214 v18.0.0-------------------------------------------
…
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU. 
The UE may be configured to report quality metrics [higher layer parameter] corresponding to the DL RSCP and RSCPD measurements which include the following fields [17, TS 37.355]:
-	[phase quality index] which provides the best estimate of the uncertainty of the measurement
-	[phase quality resolution] which specifies the resolution levels used in the [phase quality index] field.
…
----------------------------------------- End of Text proposal to TS 38.214 v18.0.0------------------------------------------

Proposal 2: Adopt the following TP regarding the timestamp of the phase quality measurements in Clause 5.1.6.5 of TS 38.214 [2].
	Reason for change:
	The specification does not capture the following agreement made in RAN1#114 regarding to the timestamp associated with the PRU carrier phase measurements.
Agreement
For UE-based carrier phase positioning, when LMF forwards the DL carrier phase measurement reported by a PRU to a target UE, the timestamp associated with the PRU carrier phase measurements should also be forwarded in positioning assistance data.

	Summary of change:
	capture the following agreement made in RAN1#114 regarding to the timestamp associated with the PRU carrier phase measurements.

	Consequences if not approved:
	Specification is not align with RAN1’s agreement and incomplete incomplete



5.1.6.5	PRS reception procedure
----------------------------------------- Start of text proposal to TS 38.214 v18.0.0-------------------------------------------
…
The UE may be configured with [higher layer parameter] which contains DL carrier phase measurements performed by a positioning reference unit (PRU) [20, TS 38.305] along with the location information of the PRU and timestamp associated with the PRU carrier phase measurements. 
…
----------------------------------------- End of Text proposal to TS 38.214 v18.0.0------------------------------------------
Proposal 3: For the timestamp associated with a reported UL RTOA measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 38.455, can be reused as the timestamp for UL RSCP. 
· TRP may optionally provide an OFDM symbol index in the timestamp.
· Note: It is up to RAN2/RAN3 how to signal the timestamp.
Proposal 4: No additional value should be added for duration of the time window for simultaneous SRS transmission requested by the LMF.
Proposal 5: Subject to UE’s capability, a UE may be configured with {3,4,6,8} time windows for simultaneous PRS measurements and legacy positioning measurements.
Proposal 6: Support finer granularity(ies) for Rel-16 timing measurements and corresponding quality indicator (ReportingGranularityfactor k = {-1, -2}) when they are reported together with RSCP/RSCPD measurements.
Proposal 7: When a UE reports a DL RSCP/RSCPD, support the UE to report the DL PRS resource ID(s) and the DL PRS resource set ID(s), which were used to determine the DL RSCP/RSCPD.
Proposal 8: When a TRP reports a UL RSCP, support the TRP to report the UL SRS resource ID(s) and the UL SRS resource set ID(s), which were used to determine the UL RSCP.
Proposal 9: RSCPD/RSCP and RSTD/Rx-Tx time difference can be measured from different PRS resources when they are reported together.
Proposal 10: LMF should provide the same RF frequency information for the carrier phase measurements to all TRPs, which can be used by the TRPs to properly configure the DL PRS resources and/or the UL SRS resources for UEs (including PRU).
[bookmark: _GoBack]Proposal 11: Frequency information can be reported together with the associated carrier phase measurements.
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